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ABSTRACT 


Radiation dose distribution measurements were 
carried out with caesium-137 and cobalt-60 radioactive 
SOUrcCeo.) DLUCTeSs were made for the attenuation ‘of a 
beanmof Tinate cnoss=section byrditferent absorbing 
materials placed between the source and the detector. 
Tieton lip eerie ES. suudieg were Wea, “ron and 
Water... he atvenuarwony curves with @ thickness ofr 
up to four mean free paths of BbmOorber Were  Mpivaaned 
Poverinientald ancy ne pmadup actors derived, for 
pore eo ananed Crowe san sone. Terex perimental 
DULIGUG LTactors Were Compared With the available 
theoretical daca. "radiation Cistribution measurements 


bits 


were made around Ce tite sources and lor diirerens. 
Sivoo enue shaped appiacatore.. The radiation distribu= 
PLOn around VaeseceractOacti ve Sources and the experimental 
DULOUp LeAClOrsm LOL Giitereny absorbing maverials were 
Ueciuein cCaltulaving whe dose rate at the points of 


iiveres . Thermoluminescence bik-/7 powder was studied 


and used for these measurements. 
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CHAPTER 1 


INTRODUCTION 


RadLornerapeutic treatmenvy of carcinoma of “the 


Cervix ever. Te Normally Givided aGnto two parts: 


(a) The intracavitary treatment 


(b) External therapy: 


Por Antracavitary treatment juhe gamma radiation 
paurees are. loaded into dit lerent sized and shaped 
appulrecetors and are insertec anvo body cavities 
(uterus and vagina). The vaginal sources may be 
Siveboen  OOsiver Ol yiby CleaG lo reduce whe recta 
Case, 

Yor €xcernal therapy 2 bean lor particular cross- 
Sectlom toed recived 2b the pavvent. trom an external 
Source. During whis treatmeny the area which has 
eareauy received a Tumour—lethal dose by intracavitary 
breaumeoir Ls Provec ved Trom over exposure by placing 
ermevecealiy Shaped *shielG anvo Ghe beam, while the rest 
CLheattearen Of 20V6res. we irradiated to a Lumour—-lethal 
dose. 

When multiple sources are employed in intracavi- 
tary treatment, a variety of radiation dose distributions 
depending upon the strength and the geometrical distri- 


DABLOreCie bNes sources Us possible. Wurther, che 
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AS Oru vtOn wil Oli ter it une sources are partially 
shielded to protect Certain body organs from excessive 
Ex OCaure 

SvuUdies Were Thus made To investigate the physi-— 
Cal aspects Of This radiotherapy treatment. Radiation 


eSaf 


UiselPLpucion Measurements Lor Ce dine Sources wii 
end Wathour shield were made and isodose curves plotted. 
LieSce Ls OCOse curves Could pe Ssuperiamposed to dever— 
Mune cle ‘dose raze atv 42 point Of interest from a com-=— 
biwetten OF Mane ssources. “1G wes also observed that 
EMeRGGSe rave benind the shield from born I3los ine 
SOUrCes an Exveria! therapy Sseurces Was e@reaver than 
bieNexpected Valuc as calculated DY Usane svandard 
eveeniviatbton data.  liais bualdup Gm the dose rate wes 
Kiivre so eiitacane Sven Bo siall thickness of the absorb— 
Lie meaver aly, 

Pots CiOiemOl ne ren Ulloa hines were Sed. to 
[ouGdvaviiis Dum lduo  an MmoresGde Lad Tom Gilrterent absorb— 
Leet cori. i vemse lve Sstucies, especially for 
regcvor Ssileioing design, have Deen done om the buildup 
focvors (Or broad ibeams trom point and plane parallel 
Sources (ih aneiniahiee- abeovrbineg material. “Where has 
been Very Little ori oo” OO ume Duldup ecrors. Ler 


finite cross~section of the beam of gamma radiation and 


(wide whiiekiess Cf Une absorbing material. 
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iiiee Worle Meo lols becn divided 32nto, Two parts 
a) The attenuation of gamma radiation by absorbing 
materials used both in external therapy and intracavi- 
tary treatment. b) The radiation distribution around 


of 


Cs line sourees used ir intracavitary treatment. 
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CHAPTER 2 


THEORY OF PENETRATION AND DIFFUSION OF GAMMA RAYS 


2.1 Narrow Beam and Broad Beam Attenuation 


When an absorbing material is placed between a 
Source Of Pamlma radiation andsa detector, the amount 
Oi Cadlation, oOSserved ix the gevecvor depends upon the 
Chechness- of the absorbing material and the amount of 
Seeottered Tadiation tha veacnes the detector... Thus, 


CWOULINL bine Cases are Vasualized®: 


a) when essentially no scattered radiation 
Teaches une devecrors This 2s termed 
"Narrow beam attenuation". 

Db) When a maximum amount of the scattered 
CeGgiat Ol metcheamt ne eneGlvor., Vliis as 


termed "Broad beam attenuation". 


these are Shown daargranmarically in fig. 1. 

For the narrow beam>une only radiation that con- 
trout es [OC when nlensi ty Benne GCeLrector 1s essenvially 
Che primary radiation wheeheias-nmot undergone any 
tHheeracrtion. The primery regiation which undergoes 
em eeracr ich Wilteeltier be absorbed or deflected 
from ate path enc docs mou reach’ the detector. Thus, 
tlic 1ivensi ay Of Tadiation reaching the detector is 
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NARROW BEAM AND BROAD BEAM ATTENUATION 
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where 


L wacom hnewmeasuredclntensaly wibh material 
Chickness.of. x cm. 

tion scawies measure Intensioy witnoul any 
absorbing material between the source 
and. pane, OCvector. 

leeeoene dancer aLoucmuat lon coeitacLent. of 


the absorbing material (em7+), 


im most practical problems, the experiment is 
Closer vo tne broad pbeamvsivuaeiom, since the detector 
HOw OMY ODServes | he Drinairy=raediatvion Duy valso-some 
POrE2oM Of the Scattered radiation. “inv this case the 


measured SnLlemsivy Ls eciverm by 
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Merraover Bs "busldup Pacrvor™. is introduced to 
COrrecy UOT Scar vercdrad@ataon  Ahus the buildup 
factor is) defined as the ratio of the measured 
unvensity due to the primary and scattered radiation 
reaching Gae-deveccor to The measured intensity of 

Une Primary radiavion at the detector, for a particular 
Svsorbank Maverial and thickness, and for a particular 
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eve the Transport Bquation 


The flow of gamma radiation, primary as well as 
scattered radiation, through matter is completely 
determined Ab tne solution of the transport Patapon oe. 
This equation describes the balance between the number 
Ofsphetons Of “2iven energy Sand direction entering and 
Leave at iiiniiieciimad cylinder aa -shown i fig. .2. 
The balance may be formulated for conditions where the 
pammarradiation source is constant in’ time and, there- 
fore. juhne ilow or photons vhroughour cthe medium is 
constant. 

Consider a polnt y and an Vniinivesimal right 


~ 


eyviimeer withh a Dase area A centered at Y and with & 
Helene ty whose Taveral suriece is parallel to a diréec-— 
tion Q. Let us define the flux ICy 325A )dAdg as the 
number of photons with wavelengths between) and AjA+d) 
and with direction between 2 and &+d2 which cross a 
Upurea Ol rule base ol the antinitesimal cylinder per, 
unit time. (The wavelength in Compton units i = m°/B 
is used to indicate the energy because this simplifies 
the treatment of the Compton effect). 


The net numbem ofaphovons with specified directicn 


and energy leaving the cylinder per unit time is given 
Dy: 


AI(y+thn, G; A) = AT (y 52,2) 
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INFINITESIMAL CYLINDER 


IN TRANSPORT EQUATION 
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therenare threc factors Which contribute to 
this Ret Cucttow, “One 2s the narrow beam attenuation 
ii the whole volume of the cylinder amounting to 
ul (y,2,A)nA. The second is the seatverine of photons 
of direction vn and energy moc /X" into the given 
dsrecuion and energy ; Y and meee ive Scapcvering 
If Soria pelic anywiere Withim the cylinder volume Ah, 
COupra pees: tore pos leLVve outflow IGEN Awl es Oxy ikalevelonsn 
Tone depenOs wmpon the produc sor the lux Ttys8'sX') 
and of the probability k(Q'>23 A}'22) of photon scatter- 
ing into 2 Bn. kt Om 2 anda. , Per Unet patina through 
the mMmediunmmarad per wii dQ anevod te ne hard  econrreLbuU— 
DLOWFAcCioeo tom Chel Source. sit any, Of plotons, of the 
Sven ener ey eal MIreci1 On Weeait tie oy linders # li etme 
photons are produced with a source density SCys23A) per 
Dien “VOLUME IueC reeled per Nie Dime ac ¥ which move’ in 
Pi ewiarection per Unit Solid anale and per unit {, 
Them Une Correspondine execss flow cut or the cylinder 
wilh be AhS(y 232). 

Tie transport equationeis.obvtained by equating 
(2.ato. thea siliwotsuhree factors, contributing.«to. this. 
AS each of these Guanlicics is proportional to the 
VOLUMe Ah Ol, Loe cylinder, the volume can be factored 


jue. lhe the “equation is 
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Q.grad I(y,2,A) = -pl(y,2,a) 
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This eGuUati On As 1 a GuLGe general form. in most 
applications only Compton scattering has been included 
a hes propebi tity Lunctaorm kos This function is then 
simply equal to the Klein-Nishina cross-section d.o/didQ! 
Limes “the number of electrons per’ unit volume NZ,» where 


Netsoeune Number Of eaboms per unas volume and Z is the 


number of eleecrcronssper atom. ine Klein=-Nishina cross-— 
SeebiLom is given oe 
d6 Coe 2 
e is e A! Awa 
ee [eee EGS Vor ee 
! ! ! N 
ar AQ 2 fas r r r 


~ o(l — cosh. + A=) (5) 


ee eee Osip: At A) 
where 
eure 2 
af eC xe eee 
1 ——— = ! = ie 
ERAGA! Rs oe Ge a ee) 


and if the Kiein=Nishina differential coerficient for 


Compton scattering with a wavelength change from )\'>). 
6(1 - cosd +A’ = dA) 


is the Dirac's delta function and represents the Compton 
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law of wavelength shift. As the angle of scattering 
Pie Orme Py amd G2) 7 tieretrore, cos) = i Qr. 


Then 


Kk (21425 eer ye eS ta ed Se Oe Ot ae PRN, 
(6) 


and equation (4) can be written as 


Q. grad I(y,2,A) = —pI(y,2;A) 


as 
OO 


dn! i eae P= Oe + SX NZ x 
1 


x T(y,2',A"') + SCy 323d) - (7) 


This is the transport equation gpoverning the transport 
Of Paitia “ramratLonm Chrough matter. Because of its 

beote comp lexreLy tin as "vyirbually never solved in 

Plesed LOrmrtin pracurcal cases.  Lts ereatest value 
arises in “estimating buildup factors that are applied 

to the calculations based on the narrow beam attenuation 


approximation. 


2.3 Approximate Solution of the Transport Equation 


Various techniques are employed to gain 


(6-14) 


“ean approximate solution to this equation 


The most widely used techniques are (a) Moments method, 
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(b) Method of successive scatvvering, (c) Monte Carlo 
MevTnod. “A Complete Gescription of these techniques 

16 HO. necessary since they are well developed else-— 
where. | All these techniques have their own Limitations. 


(6,7) 


ihe moments method yields fresulvs of high accuracy 
Por field postutons a. an appreciable distance from the 
Bource - Up to 20 mean free paths. “A mean free path 
(Giitee.) 2s Gevined eas tne thickness of the absorbing 
Metcerilal  -requireo, to reduce the intensity of gamma 
Pagtoarvon by aeaecoor 2. Thus. for narrow beam attenua— 
CiLonm One mean tree path 1s equal to 1/1 where uw 2s the 
Med er eivariOle coer Cieniy sor Che absorber, The 
Momeiivs Meunod TeGinague cam only be used for the 
Minis Mono zenecous “aveorbang medium, and docs nov 
DrOVUe a oats acoory description Of the radiation 
ficle Meaketme Source 2.6. a distance less than one 


(8,9) 


Mel yor me successive scatvering method Cakes 
PiGowecCeounv aie “lamive absorbing material. This tech— 
Wider celciia les successively the probability thav a 
photon will be transmitted with zero, one, two and three 
scatterings and then sums to find the total probability 
OF tie transmiseion. This does not take into account 
back scattered photons important, at: low photon energies 
(10-14) 


and thick absorbing material. The Monte Carlo 


technique is quite effective for moderate thicknesses 
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OL the aveorbing material. Wor thick absorbing 
Matverigic the calculations become time consuming 
even with computers. 

The maximum information i8 available from cal- 
culations by moments method. It covers the energy range 
feo Oy seo OMe V eine ditteren: infinite 
apsSeoroine Marerrals On varied atomic numbers and upto 
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2.4 Analytical Approximation for Buildup Bactor 


(Ly, 


Various analyticadi formulas have been 


wevetoped FO Tilt Dewpoint Source buildup Tractors of 


(6). 


moments method iiese Tormuias greacly reduce the 
Tecuous Matlecmoari tare calculations. i some of the impor- 


tant anailvyouLeai~methnods are: 
(3) Berger's Formula 


Bouse) = L tiie ; Gay) 


lie Vibes Or Goes UWC parameters 4 and D have 


(16) 


been obtained by Chilton fis ecturacy up vo 10 
Mt. 28 Claimed to be of the same order as that given 


by the moments method. 


(b) Taylor's Peru 


N —-O UX 
Peiey =i SASS a : (9) 
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In practice only two exponential terms are 


required CG TiL tie results Of moments method within 


5% over most of the range. Then 
Oy UX 05 UX 
Blix) = AL e + A, e (10) 
i 2 
and 
Ay + As = 1 
(cw) Capo's Formula 
S A 
Bie)? Sea he ox) la) 
4=0 
where 
iT . 
db j=0 3 
C15) 


Ther versie s Got auniecy Diya ois Tormula are claimed) bo 
fit the original data over the whole range (up to 


2OeMtiahuee and, for enerales wom 0.5 MeV to LO Mey. 
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CHAPTER 3 


BXPERIMENTAL ARRANGEMENTS 


oe lee eCletherany Sources 


The Picker Caesium—137=— "Cse—-500 Dit" and the 
"Theratron-80" cobalt-—60 esas the Dr. W.W. Cross 
Cancer Institute were used as the radiation sources 
fOr tne Experiments. 

the cacsium=<13/ sounce pwithea diamever of 3.2 ci 
is made up of a number of pressed caesium salt tablets. 
The caesium tablets are contained in a double welded 
Staaniese steel container, which in Lurn aes ‘assembled 
MigOea DUNgstlen capsule.  Wais container shields the 
beta, Tadiacion and: prevents “any escape of radioactive 


wor 


Material. Cs -has 2a half tite of 30 years and a gamna 
Padiation of 0.66) mey. 617) The source output is 6 
TOCIUPIS Per Minute at a distance Of one meter as or 
judy O77 b. The sourcenead mpoclt1on Of the Source and 
IteecOhiimMathion are shown ain figure 3. 

The cobalt-60 source is 2 cm in diameter and is 
made uUpeort 1x Ll mm nieked plaved pellets. These pellets 
are doubly encapsulated by means of welding into inner 
anes culverweceimless steel Capsules which in turn are 
assembled Into 1 unesten Capsule. | This source is 


6 
housed in a Lead container, the Sourcehead. Tels has 


a Heit dite of 3.27 years and wamma radiations of 1.1/ 
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SOURCEHEAD 


INDICATOR SHOWING 
SOURCE POSITION 
Fig. <<S 


CAESIUM—137 


“€S$—600* UNIT 
COLLIMATOR 
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SGURCEHEAD 


SOURCE 


Fig.: 4 
"THERATRON GO" COLLIMATOR 


COBALT—GO UNIT 


ee rp ao 


mie 
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cae ae 
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ang i353 Mev. The source cutput is 92 roentpens per 
MinUvge au One meter as of February 15, 1972. The 
POUrceneal, DPOSiLIcn Of Tne =source and the collimation 
Of the beam ere siowe in figure 4. A. tyoical source 


Capoule 2s "shown iy tigure 5. 


522 ‘Thermolumninescence Dosimeter (TLD) 


Thermoluminescent Li powder type LiF-7 manufac— 
tured by the Harshaw Chemical Company, was studied and 


Coed = Or COSiImeLrry Bi Most Of the messuremenvsa. 


jaca Mecheitem Ol Spemmoluminescence 


ine Wiechenisissmnvolved in the thermoluminescence 
PesCOU. COL emo OWder TO radiation are nou yeu Tully 
Ladera OCd a Owe Vver. Am Accepved mechanism as based 
on the concepe of Che band theory of eee 
the miormea iy Tull pand a.e. when the number of electrons 
iia-e, Band us che maximum allowed, is called the vadence 
bane. 9The Next higher pand normally empty, is called 
Che econduecLon band. “These bands are separated by an 
enerey gap in which electrons are not normally allowed, 
thereo Called bana san. if two bands are surficiently 
CLose oo ences: electrons can go from the lower to 


the higher one as 2 result of thermal excitation even 


at normal temperatures. When the band gap is wide 
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WELDED CONTAINER 


SPACERS 


RADIOACTIVE 
MATERIAL 


Fig.: 5 


SOURCE GAPSULE 


CONDUCTION BAND (> a 


THER MAL 
AGITATION 


PHOTON 


VALENCE BAND () 


Fig.: 6 


THERMALLY STIMULATED PHOSPHORESCENCE 
(THERMOLUMINESCENCE ) 
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enough, the transition of electrons across the gap is 
NOG poss ole at normal temperatures. This is the case 
int tir where the band gap 1s about 12 ev. 

lattice imperfections in ¢rystallinée solids give 
rise to localized energy levels (traps) which are lo- 
cated in the band of energies between the valence band 
and the conduction band. When LiF powder is exposed 
Vocus radiations, elecurons ‘jump’ from the 
Wasence band TO Che conduction band by absorbing 
Siero, trem these racdlavions. Some of the electrons 
return ammediavely to the valence band while others 
Sere wrapped 17 Localizeo energy levels. Only rarely 
GOrTretecorons Gsvape from the traps and return directly 
COs Vawence pond, Unless enerpy 2s supplied for their 
Peves~ =o to > ot the. trapped eleecurons remain in the 
Locaid 220 -ecnerey levels. If the-powder is heated, the 
electrensracduire enough energy to be completely ejected 
hreom Cheseitravs Lnvorw the conduction band, where they 
return to the valence band emitting a portion of initially 
absorbedvencrcy im the formeof visible: light. This 
phenomenon of light emission is called Thermally Stimu- 
lated Phosphorescence or Thermoluminescence (figure 6s 
The vtotakrduanhl yy ofedieht this emittedycan be measured 
by @ photomultiplierstube.. This quantity may be related 
to the gamma exposure to which the thermoluminescent 


powder@has been subjected. 
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A good TLD system should have ‘the following 
Characuerlerics.: 
(1 The dosimeter used should have a high gamma 
TectevuLoOn SeNottivicy and, should be Wseful over 4 
ares  Patce. 
G2.) The light yield (number of photons emitted per 
gram per roentgen) should be independent of both the 
exposure and Ume ciersy OL the radiation. 
(3) the dosimeter should fave a minimum fading i.e. 
Unie Humber OF Tt raeppec electrons should remain the same 
Sve Soe sOOMGer 1S stored, Alber exposure, Tor 
extended periods of time. 
(4) The system used should have a good overall repro- 


ducibility. 


Sucwe ChorecveristLres Of LiF=/ Powder 


Pit nouesn tie weharacreristLlcs Of iF powder have 
Decime oueio yey sabentikereg =o Some Uuncertarni ves 
Stiveeremaim. Lo Was therefore decided to study the 
Characvertcu1cs of Ghe powder to be used for the subse— 
quent experimental measurements. The powder under study 
Wao oye 2hvo 1t0uUr diriferent @roups: 

Group A - The fresh LiF-7 powder.as supplied by 

the Harshaw Chemical Company. 


Group B —- Once irradiated and read powder. 


Group © - Twice irradiated and read powder. 
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Group D —- Multi irradiated and read powder which 
was annealed as per the standard anneal-— 


(28) 


Lae procedures Voee KeaLine the 
powder at 400°C for one hour and then 
leaving 10 at a constant temperature of 
80°C for 24 hours. 

Tie Grraciatson oF wnese ditferent groups of powder 


60 LS we 


Was Carried out UpLitvane the Co and Cs vele— 


bherapy units. Nh field sizer or 20 x20 cm at 60 ecm from 
60 


Rhe Source Was Used for wine CO, Unit wwiittie a 10 10) em 
Pree Suge fu a erent rom the S0Urce Was ised or tie 13%Gs 
Ub. Ine swirraciavlon was a@leo carried out with X-rays 
Ciedirlerenc ol tecuive cneracies., .onerated by placing 
Vole te eLers MI oer beam 1Or quality dependence mea=— 
Surementaw = Ihewatiterent groups of powder were irradiated 
POD Hiherem exposure a. 

A Con-Rad TLD Readout Instrument was used to read 
the Irradiaved. powder. dm this reader. the. powder is 
Unit ormalive distributed and heated on a planchev and 
the amount of light emitted is. measured by a photomulti- 
Plier ieee. Whe toval amount of Light thus measured as 
presenved on a digital voltmeter and is related to the 
famma exposure. “Whe block diagram of the TLD-reader is 
shown in figurs vos 

A standard light source whose iene euLpUe. Can 
be considered to be constant with time was used to set 


the sensitivity of the instrument before reading the 


dosimeters. 
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AS the Light output as proportional to the amount 
of powder utilized, equal amountsof powder were read 
for each exposure. A vibrating dispenser was used for 
dispensing equal amounts of powder each time. The 
consistancy of the dispenser was checked by weighing 
the Crepensed Samples on an analytical balance. The 
Standard Ueviabion over 40 aliquots was Tound to be 
0.51%. The average weight of the powder per aliquot 
was 40.55 mg. The following characteristics were found: 

Ine Seusitivicy OF group B and group C powder was 
LOUnC so "be double the sensitavity oF seroun A woe. fresh 
powder. Quantitatively this increased sensitivity was 
foun to be 20> dieits per rad for 40.55 me of powder 
Wier tne Hipa yoltagce applied to the photomultipiier 
Tube Was Such that the Standard light source read 500 
Ci five Om tie dagital voltmeter. This increase was 
Obserycd, vor be aue vo prehearing the Tresh powder Through 
Tie weatine cyols ob the ihDereader., The Sensitilvaty of 
croup D ae. annealed powder, was Tound bo be the same 
as) ial resin powder. Thus, the enhanced sensitivity 
CLV tpempoweaer., passed through the heating cycle, was 
reduced to its original value by annealing. It was also 
observed Aacheue are oe was a background reading of 80-100 
Ole aor Te rOUp Band oreupy (C eamer roe Che wane 
Standard light source reading of 500 digits. There 


was no appreciable background reading for group A and 
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group D powder. Thus, the fresh powder was reused 
WiGMoUuT annealing tor Covel dose of 25 rads or more. 

Whe ditlerent groups of powder were irradiated 
with the I31¢5 Mn CO eheck the response of the 
Powder With absorbed dose. The range of the irradia-— 
TLOM Was a OUOU) wags. Kine laeh> ouvpuL was found to 
De "directly proporutoneal to the magnitude of absorbed 
done (Over he seneure aoe. the Linear resoonse wath 
ebeorveds Goss ts Showa for atypical @roup of powder 
in figure 6. 

The response of the powders was found to be inde=-= 
pendent of energy between 137 KeV (3 mm of Cu HVT) and 
Ie25 Mev CL5 am of Ca HY.) . ine rcorres ponding valves 
of the effective energy and half value thickness (HVT) 
Were rOobvaiIme¢@ irom the Briz2sh Journal bP Rad Ponees 
Supplement No. 112), (Hes Mea ImuUnM VariLavwon In resporse 
in this energy range was observed to be ~5%. For lower 
eferreiTes Lie anerey dependence was Significant, wiun an 
enhanced response of upto 40% relative to the response 
Sie ev. Pine PelacivGe Lachiaylelad with enerzy of 
Cecile wonton oro A powder is Shown in Tigure 9. 
Commercially available wire mesh, intended to give a 
similar response in the low energy region to that for 
60 


Co radiation was found to have littie effect on this 


enhanced response at low energies (refer to figure 9). 
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RELATIVE DIGITS 


FIG.:8 


LINEAR RESPONSE OF GROUP C¢ 
THERMOLUMINESCENT POWDER 
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QUALITY DEPENDENCE OF GROUP A 


THERMOLUMINESCENT POWDER 
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Vie eee or Bhie site renit @roups of powder 
Was Observed to be about 10% in the first 40 hours, 
and after that the fading was less than 1% per two 
feyvewunto 2) Gays. Aver 25 days where was pracvically 
no iading = less than 17. over 75 days. The fading with 
Lome Cr Sout Bypovcer. 1s) Shown dn freure: 10. 

Lieroveraliy reproduci@1 lity Of aid Che ditfereny 
Broups Of powder was found to be pood. It showed a 
standard deviation of +2% over many sets of 20 observa- 
tions each 

havin OMserved Ghese Characberictica. Une i 
pewder Was Useca for dosimetry. Beeause ol vUhe (fading 
Dircperlies Cescribed epove, Une coractrce of teacging the 


powder One Or DWO days alter irradiavaon was inscicuced. 


3-5 wetup for the Buildup Measurements 


tee nt 


The measurements were carried out with Cs and 


606, Pele rveLapy nus... NCnOugh Lierno limimescence 
CGsiimeters were USed Tor mossy Cl Chevmeasurements , 
LGntGacvon ehambers were also utilized. The avsorbing 
Macereo lee rudi ed were lesd viron and waver. “Ine lead 
S00 ron. eoeorbers were ein. the form of Jo * t5 em plates 
with an ee thickness of 3.4 mm and 9.6 mm respec- 
tively, | Mor’ water as an absorbing material a polyethy— 


dene container of diameter 57 cm and Height 9O cm filled 


with water was used. 
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ror .the 13los unit the measurements were carried 
out with a circular beam of 14 cm diameter at 15 cm 
from the source. The absorbing materials were placed 
DE6uWeenerneS Source andgene derector... Tie. thickness of 
the apscorbers, was varied by the number sor plates in the 
Caseamon lead and iron and by the level@or water in the 
“polyenes COnurainer In case Of Wacer we ine cdevectors 
(TUDEaAn yor lon zation chambers) were DLaceawacvyciree 
difiterenteposictions behind the absorouneumarverial; 

(ajmiust.behind the absorbing =marerial, x= 0. 

(b) At vardistance of 10 em Tromethe absorber, 

Xe Oem. 
(ec) At a distance of 20 em from the absorber, 
x= 20 em. 

THe texperimental Setup used Tor these measuremenvs was 
a5 SHOW eine teures ils The total exposure was Kept 
WLU Cesc StUIViGy ‘Olertle Ceteclor Dy waryine sie 
LiMmewon exvesure we iwe Meacurements, were repeaced au 
the same positions without any absorbing material in 
the beam. 

Ore clic 6906 beletheracy Univ che measurements 
WETeGrreaerriled Ouuawiuh a Ttiheld size of 20% 20 cmrat 
80 em from the source. The lead and iron absorbers 
Werenpleaced ona tucite plate attached to a frame on 
CicMUec Lem OecbecLOrsewere: placeds.behind the 


aAnsBOrbina mMatersais atl the same three positions as 
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eine. case of 1375 unit. The experimental arrange- 
ment was as shown in figure l2. For the measurements 
with@water as an absorber the container was placed on 
a @oecen trolley. A ie or 62°16 cm was cuteyamethe 
mide cf the top suriace or the trolley Siee@eenat the 
désecrvors coulda be placed; just touching the bottom of 
ther Gorvainer se. lhe container was placed in tne beam 
with the devector at tThessame three positions as with 
leadvandsiren apsorbers. The measurements, weresalso 
madden wast DouUGecmy absorber in the: beam, as: im the case 
of 13los Wri awece er. Tre measurements Werescarrled sour. witn 
a THVekReser orm upto four mean wires perhs of the absorb— 
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ing tiaverial for born Cs and COo_uni ts: 


4 “2's Sealed Sources and the Cervix Applicators 


ve 


ize 13Tos sealed sources Under Consideration were 
inthe torn or <a pencil of length 2 cmeand diameter 
0 ,265ecmina ta an active lenerh, of 1.35 cms The “segrength 
Ob tneesources Variecdretroms 50 mCi ¢£o. 75 mC. laeeer the 
Sources Dad. 0.5) mor platinum shieic- 

Applicators, consisting of an intrautememe tube 
anda Vabineal applicator are used for the treatment of 
carcinoma of the cervix uteri. The shape and size of 
the applicators depend upon the anatomical location and 
Site Oo: ne tumours Lo be treated, These applicators 


are inserted into the body cavities ror purposes of 


els IW gti & 


Experimental arrangements with 
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Ugeatment. ‘The cervix applicators under consideration 
gee, Gescribed below: 

whe standard intrauterine tube Geea stainless 
SUCemmerosed tube of Weneth 6.35 cm with inner and 
outer diameter of 0.275 cm-and 0.476 em respéétively 
(figure 13). The bottom vend of the tube TW ciosed 
with a strewed stainless stéél flange (refer Go figure 
3). The standard intrauterine tube was loaded: with 
three t2'cos sealed sources, 45 mCi at the Top vend 
followed "py “two: 30 mCL Sources. 

tie VYaeciial applreavorsis COonseructedmen seements 
of perspex. Up toa maximum of three similar 137 Gs 
sealed sources are loaded into a closed Steel Tupe 
whieh as inserted into another steel tube of lemeth 
16-5%em andtanner diamever 0.625 cm. This tube is 
Surrounded by, che perspex. seemenis., swith or. wispnouL 
Dit Lewd ferd absorber, Ol vile appiacavur. = Lic wimoLe 
assembly, perspex segments and svecl tubes, is geld 
YoeelLner on apscrewedmhread«, siwo 13T¢s Sources of 
equal Strength were used at a time.) The measvirvements 
Were Carried Out WitheOU mCi and 75 mCi Sources. ‘he 


Vaginal applicator studied was as shown in fagure ee 


5.5 Ragisicion Disumibutiem Measurements eround Cervix 


Applicators 


The measurements of the radiation distribution 
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INTRAUTERING TUBE 


Fig,: 14 
VAGINAL APPLICATOR 
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around the cervix applicators were made by using TLD. 
dpe TLD was preferred since the other detectors 
available were of large dimensions and therefore had 
poor spatial resolution. Kodak Blue Brand Medical 
X-ray film was also tried for these measurements. The 
fa wee found Yo be dependent upon the quality wr 
Ca0tavLonm and COondivLons under Which Che Lilm wac 
DrOcesse@ and thus wae wot sulvaple Tor radiation 
CASeClLOUGLON MeasuveMmemts dM vlssuce eCqum valent emeds Um. 
However, Lnere ere Various Other reasons such ees 
divecuiona |! Cependence For whieh accurate dosimetry 


(30), 
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Lao eharecveri Sstace Of the ih powcer Ment ouedescar lier 
Ite ey le Wee ely ney Che: Use Of small cluimes oF 
PoWweer Would Lead fo Mappines of the radiaviom distribu 
Clone eLOsem us Une SOuUrcCes Wal adiequave securacy. 

Shiai Mica te Cups Of anher Clamever 2 Gneana 
depo 25> mm were made. About 20 cups were Lilied with 


Laf=/ powder Tor SUTAatIStical measurements. ~The vamouny 


of the powder in each cup was weighed on an analytical 


balance. The Standard deviation over 20 weightings was 
found to be #2.5%. The average weight of the powder in 


Weve cre cups was ele oe me. For wne radiation dletri— 
bution measurements these cups were filled with Lif-/7 
-powder and distributed in a lucite plate (16x16 0.625 


em thickness). The applicator was placed in the middle 
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Ole e ove plate, ~AS the cervie aop licators are 
atiserped into body Cavities durine treatment. it was 
desiravle to cdo the irradiation im a tissue equivalent 
Meavergay. huss the urradiation of thevlLilk powder was 
carried out in a pressedwood medium (20 x24 x27 ecm). 
ine Gougl Cxoosure Lime yarled betweem 5 and 2> hours 
depending upom the Source streneth and the distance of 


Uae DOLis Ol IMLereso trom the Source. 
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CHAPTER 4 


EXPERIMENTAL RESULTS 


We have discussed and defined the buildup 
Cacpor eariter in Chapter 2. In. this chapter we 
give —Lhe-experimental resudts and.compare them with 
the theoretical data of the moments method for plane 


perailel Sources, “corrected fora finite medium by 


\ 
the Berger and Doewect ae. rormula;: 
2 Bee os 
ee £ (6s) Sol 
or Cae) 


Bits) = 1 Siken) (Bim) Sar] 


where k(t) is the buildup factor ratio for a given 
Chievness Of the absorbing material and the energy 

OF Gheseanna radiation, B(t,o) is the buildup factor 

ao dep vm © 1n fn infinite medium and B(tst) is tie 

Dat POMP ere CeOrerOr a L[inite Ghickness © OL whe ebsorb— 
ing material. The values of B(t,t) obtained from this 
formula have been found to be in good agréement with the 
Serine 63>. 

The value or k(t) was obtained from Table 3 of 


the Berger and Peete)? paper. “This: table has Deen 


reproduced here as table 1. The value of B(t,~) was 
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fable 2 


DULLCUp Lactor ravio K(l) = [e(t co )-1)/ [Bt )-1] 
for comparing transmission of radiation through 
a tinite barrier with penetration to an “equal 

depth in a semi-infinite medium 
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Obuained from the “theoretical data of the moments 
method. This data has been verified experimentally 


(34-36) 


by many researchers BCt,0)S tre bul kd 
Pecvor (or 4 Tinive thickness of the absorber wad 
Chen Calevigved irom the formula Te. "he buildup 
facvors for the Tinite cross-section of the beams 
as Observed experimentally were compared with these 
Cheeretl cal valucs. 
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He)” Burtaup Mactors for Casa CG Radiat ions 


Pualoup Tactors tor lead, iron end waver were 
Geterizneare perimentei ly for Unieknesses of nese 
Naverilals. Up vO TOUr Mean free paths. whe measurements 
Por vine 13fos Source were carried out with a gamma beam 
of field size 14 em in diameter at 15 ecm from the source, 
Wie eDor he 6065 source a garima beam or 20x 20 cm av 
80 em from the source was employed. The measurements 
Wore arr ed oul With Ghe detector pieced jusy behind 
theratcorbpers. lhe Observed values were moermalized to 
100. ecrrespondinge to the detector reading Warhout any 
absorber in the beam. Graphs were plotted for relative 
iipeiett 4 au the detector versa Uniekness Of the absorb— 


600, raduavlons. 


ine waveriats for both che 13%¢5 and 
These graphs are shown in figures 15-20A. The upper 
solid curves in these graphs represent the attenuation 


of the radiations with the detector placed just behind 
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the absorbing materials. The lowest solid curves 
represent the narrow beam attenuation, characterized 
Deas eal Sewn I,= 100 and the values of y as 
obtained from Hubbell's data‘3’), ne thickness of 


one mean free path for different absorbing materials 


was also calculated from these py values as 
i meat siree path = : cm 


budldup factors L.e. the ratio of the observed 
Normalized values to the calculated values of narrow 
beam alLtvenuation, were plotted for different thicknesses 
Of Che aosorbing materials upto four mean free paths. 
ese valwes tor the buiidup factors tor different absor— 
bers are snown Dy tnerscli ae curves in tisures 15-208. 
The small triangles (A) represent the theoretical values 
ebtalned from the moments method data as described at 
tne: Deeiniing of this chapter: 

Pe Mea surenents carried cutee with the devector 
Dheaced, ey 0 cm and 20 cm away from the rear or the 
Suscruame wmaverials, bo observe the eftect "on the burid= 
Up factors o1 the devector position are also show in 
figures *5—-20A ‘and.B fer both 13Tos and 8006 radiations. 
The two dotted curves in figures 16-20A represent the 
relative ncencivy at the detector placed at 10 ecm and 
20 cm away versus thickness of the absorbers. The 


Changesin the buildup Pactors with these detector 
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BUILDUP FACTOR 


RELATIVE INTENSITY 


' MEAN FREE polite 


4 = THEORETICAL VALUES 


(B) BUILDUP FACTOR 


(A) ATTENUATION 


NARROW BEAM 
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PENETRATION OF lcs RADIATION 


IN LEAD 


(A) ATTENUATION 
(B) BUILDUP FACTOR 
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INTENSITY 


RELATIVE 


PENETRATION OF mics 


RADIATION IN IRON 
(A) ATTENUATION 
(B) BUILDUP FACTOR 


NARROW BEAM 
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positions is shown by the dotted curves in figures 
16-20B. This change in the buildup factors with 
Ceyecuor POsivion was quite distinet for different 
absorbing materials. There was no appreciable change 
in the buildup Tactors of lead with detector position 


1 Si 


for Cs radiation. 


DOeEMCLIne cal Inveres > Luce DitIOUperaCuore LOT 
a 6006 Source with lead as an absorbing material were 
determined Experimentally for two more field sizes of 
the beam. The field sizes used were 4x4 cm and 10-x 10 
em at 80 cm from the source. These attenuation curves 
Bn@ Deeebumtlcup Lactor curves for different thicknesses 
Piel ca0 ace Suown by the dotted curves an Pigures 2iA 
aie ee es OeCl Vey, 
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The radiation distribution measurements were carried 


Coe US trLoltine the TLD cups. in ‘a, Pucite plate wirh 
(fewer elicauver i the middle of the plates sfhie orradia= 
Gioieor ne LD was done im a préessedwood medium. ‘Tlie 
measurements were made up to 7 cm from the axis of the 
applicsecor eid: Upto. emtalong the applicator from. 1s 
center. These measurements were done for a Variety of 


. 131 G5 lame Sources such as single line source and a com— 


bination of line sources. Intrauterine tube and vaginal 
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(B) BUILDUP FACTOR NARROW BEAM 
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applicators (with and without lead shield) were used 
aoveonvainers (or different combinations of these line 
BOUrcenw “The dose distribution measurements for the 
Giiterenc “appiicators were plotted as Isodose curves. 
Epecesisodgse curves are shown in fieures 22-25. The 
PeGdose Curves, Tor @ typical combination of the intra- 
Mesrine tube and vaginel applicator are Shown in figure 
26. It was observed that the superposition of the 
HeOoGOse Curves of intrauterine tube and vaginal appli- 
Cores ep laced Tm Tne same pOS_ULONS. 2S in) the combined 
Cervix applicator, gives the same isodose plot as 
Bocomjcu@e mer linenvallvy. ‘Thus, the sodose Curves OL 
Cre willviavadual Sources could De uUsedyto determine Une 
Conse Gare atu any point of interest for any pecmetrical 
CMetewouulom Or ~kine sources. Lhe experimental mbser— 
Vathone Of the radiation /aistribution around single 
13%G5 line source were compared with the Young and 
ee Gava and with the valuessobtained from dose 
Pavemesl culations, Coneidering a Line source a5 a series 
Gf point sounces,9as given in Appendix A. This point 
source approximation has been deseribed in detail in 


Chapter 5. 
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Fig. : 24 
ISODOSE CURVES FOR VAGINAL APPLICATOR 
LOADED WITH TWO 75mCi I5/Cs LINE SOURCES 
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CHAPTER 5 


CLINICAL IMPLICATIONS 


Del Jnterstitiel and iIntraceyitary Reaclotherapy 


Interstitial radiotherapy is a technique which 
CONSTSUs Of @LNe Insertion, of radiloacuive sources into 
a ouUMOUr OF Ante tissve an che immiedialteryvicinity of 
a tumour. Interstitial Sources are used widely for 
HME Creatment OF intra-oral “and Superficial tumours. 

intracavitary radiotherapy 1S a technique by 
WhweneL he sradioacuave Sources are antroduced anto the 
natural body cavirdes orm hol lowsorgans suchas Uberus, 
Vai oemO Lecter Or nose. matics SOUrces, UeoOmare nOormarly 
imoithne form of a line Source veach containing a substan— 
Viakeamoulny. Of radloacuilve maverial., ssi erample of the 
Use Opmincracaviicary Sources! 1s Qniivhie  tlreavment. of 
Cae Or iOlemO UGE LriewICer vax. 

Radium-226 sources have long been used in inters- 
tive Peandainoracavitary Peaouneean a meee Meter euany 
Longtail nesot radium enables sources jjomce sealed: 
to be stored and used over many years without correc- 
Cionse toredecay or need for replacement. 13Tas, with 
i iin ee Bot OL Voars las erPegemniy Deen Used as a 


CUT) 


Subp Gucive Lor radium Los prone pal advantase ws 
the reduced hazard associated with the rupture and 


leakage Of Sealederadium sources. In addition, its 
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Characteristic senersy of 0.661. MeV permits a smaller 
Teeekness of shield to be used compared to radium for 
Ulemoame ei fecos, such shielding Te@required both for 
Deroo mel DrOolvecoion and manipulaticn oredose distribu-— 
tion within the paticna. 

Once tue Vat oacyi ve  sourceceere amerouuced into 
the area Or cavity, under treatment, 42 radiographic 
examinatzon of Chespos@tion of the sources is done. 
iies Cxkatinataon, ts imporcant from wher point of view 
OLepoOrh lineal and pnysiecal studies, eclimically the 
radiographs. ascertain that the sources are in the 
Gdesiredmareca tor streatment., When whe sources are 
IWiserted vO. Cilssve.sUnelr Placement Me olwen Giirerent 
PrOMmmcCuiae  ouenned. whence thier esseasmen peor the total 
PAmer oi werestmentamay De Signiiicanviy reaver or less 
thane that planned. “(he treatmeny time should thus be 
erveredsuo Corrects [Om Gol Sadist Tperencemum. octual source 
Decco mel ow acCule lees bon wOle vile rouLrces and the 
area Of treatment are determined from radiographs 
GCxposed au, tachp ancles bo Gach ouher. Usually antero- 
posterior (AP) and lateral radiegrapns, are used. These 
radloerapis Lor a parcicular INsermron are snown 1 
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29 


9-2 Point Source Approximation used in the Estimation 


or Dose have. ats the Points, aiminteréest 


The treaumenveor carcinoma Of @mencervyix is done 
by intracavitary and external beam radiotherapy. For 
intracavitary treatment line sources are distributed in 
an Intraulerine Lube and a vaginal applicatom and are 
MWiserved I2nGo. tie pody cavities. 

panice The dose dae traburion around these sources 
is MOu homogencous buy Falls off from the sources out-— 
wards, it is desirable to choose some point or points 
at which the dose can be assessed and are of clinical 
ileteshw. A DOlilt 2 cm lateral to Une center of the 
iveriwe canal and = em from the mucous membrane oO: the 
fateral fornix im the plane of the uterus was selected 


(ae 


CMV eCauty and 18 desienatved “Polny A”. The dose 
Sreeac of whe two “points A" “left. and rien) is 
Ssnoscea.  <Althovusm the dose 25 normally caleuaved for 
iNeepesmice sc 2s Uselul Lo Know the rave-oim all oF 
Gece su-vois ©. “Mnus, famether poinu “Point B" as derined. 
te liee ear the tateral pelvic wall S cm frotethe mid— 
Dlane and abt the same level as point A. Uhe weal dose 
Or the Gose rate is then calculated at points A and 8B. 
Tre wocint SCurce Approximation descrived here 
was used as a preliminary method to calculate the dose 


Yacve at different points, The active Length of the line 


sources was divided into many small portions such that 
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each portion could be represented by a point source. 
Boon rand Lateral Uistances: at points 4 and B. from 
these point sources were measured directly from the 
respective radvorraphs. 

As radium sources have long been utilized for 
treatment, the point source approximation was primarily 
Uscom.Or radium Sources 7 Wo wee this: approscimavion Lor 
acum SUOShETULeESs Such as 137 og, Ghe SOuUrCe Sst reneoh 
Was modified in terms of milligram of radium equivalent 
(mg Ra eq). A radium equivalent is defined as the 
BuUMper 201 me liverans or 2206p, Va Ge SOL ete DO le 
Sources screened by O.5 mm of platinum which fives tine 
Pe@eme “DOsure dose rave as the Sreeli ted weource at a 
(ostenee OF £5 ci in air. As the 13fos SOUurCcecSs Were 
COBpeIned Tiere inerauverine tube and a -Varinaieeapuis— 
Caper or lonm ene 2 mm thick steel sheavh respecrively, 
the source strengths were modified for the buildup 
PAC uor mand the AC Cewvau.om Lnrousty sveei. Mhesvailues 
On buildup factors were taken from the experimenral 
CUrvem racure 16) for drone, These values sace OG atic 
Meo wor se tm ana 2 mM thickness respectively. ihe 
appenuacion tractors for Ji mn and 2 mm of steel were 
Coaleulated to be OF945, and 0.090 respectdvely. che 
values of linear attenuation coefficient (uy) were ob- 


tained from Hubbell's we UNORS en igslewer saree Setear 6! 


source strength through the intrauterine tube was 
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1.06 x0.945 times the source strength in mg Ra eq and 
CnPougovVarinal applicator this was 1.10 «0.89 times 
Lheweource strength. The AP and lateral distances 

were COrrected for the magnification, if any; of the 
radiographic image. The magnification corrections 

were GeLermined for both AP and lateral radiographs 

by placings rings of known diameter on both Sides of 

the patient, and taking the ratio of the image diameter 
COnC ee woctual Ginameter of the rings. “Cnce the correcved 
BOUrCe sUrenztin, the AP and lateral distances and the 
Meron tecealions: Were known at the polmt of dnverest., the 
Ose Pave iFOMm bois point Source was caleuwlated by Lhe 


Tormuta: 


SO. kOe 50k 0e O55 


Dose rate (Rads/hour)= 5 5 
xAP distance) +(M, xLateral distance) 


(Map 


V1 


where 


So as-¢he corrected source Strensth an me ka eq. 
Sueb as the dose raver lm roentgens perm nourga. cm 


Prom | me Of radium filtered throug) 0.5 mm oF 


platinum: 
0,955 4s the conversion factor for roentgens into 
rads (the unit of absorbed dose) in tissue. 


Map is the magnification of AP radiographic) image. 
My is the magni¢ ication; of) lateral radiographic 


image. 
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The sum of the dose rates from such point sources 
does dose rate at the point of interest. The. APL 


program for these calculations is given in Appendix A. 


2-3 External Beam Shield used in Treatment with Tele- 


therapy Units 


Teletherapy or external beam therapy is used for trea- 
ting many malignant diseases. Some of the common diseases 
where radiotherapy is preferred are: 

Hodgkin's disease 

Carcinoma of the mouth 

Carcinoma of the uterine cervix 

Carcinoma of the bladder 

During the treatment of most of the diseases 
Cereiu Bly Raped, Lead; shields ane wiser to. pro yvacS 
Masui DrOoveclt ion TO Such vital strucuures. es Ge 
ieee eal. Gb Ver. Kloneys <tc. wile nthacknean mor 
Gie, deac ehield 18 chosen. such thet the provected 
Green Sets less than 5% of the exposure during treat— 
mens. 

Fora che treatment. of, the carcinoma, of thesuterine 
Convio anvraceyivary and external bean radio— 
therapy 2re commonly used. The dose delivered at the 

representative points A during treatment by the inser- 


pion of the cervix applicators is about 7000 rads. 
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This dose is normally delivered over a period of about 
B20 nours in two insertions. “The dose at the Points B&B 
cannot reach a tumour-lethal dose from the cervix 
applicators alone. Normally the dose delivered at 

tne points B during treatment. is about 2000 rads. The 
total dose at the points B is made up by using external 
beam therapy. The megavoltage teletherapy units are 
Heed OSI Vve “a desired exposure al, the poinve waite 
protecting the area between the two points A. The area 
between the two points A is shielded by using a special 


teao shicid im the tveletherapy Geam, 


Dee Usciliness of the Bud ldup Data for tne Aseesomeny 

nil Neale tikes Ulan ealeres 

As daseussed ecariver in) secctlon 5.3, 4 Ssaelding 
Wacert ols SOMetimes Secured GO protect. the wWiva. 
organs from the béam of the teletherapy Units during 
Greavmeno. The thickness of the shieldine mavertal 
recmired 1s normally calculated Gither by using the 
hatt value thickness for a particular material and 
energy of the radiation or by calculating directly from 


the formula: 


omy ee Ca) 


Wheres, ae i and x have: the same wmeanitig as delined 


ir, Chapter: 2. 
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Both these methods do not take into account any 
COntridUution Gdue to the scattered radiation in the 
Seitelding maperial and are thus applicable only for 
narrow beam attenuation. For the treatment, in general, 
a beam of finite cross-section is employed, and the 
Contribpuyion duer to seattered radiation should thus 
bereccourtved Por in these calculations. “16) was Seen 
in’ Chapter 4 that the Scattered radiation contribution 
SEethereuLlauD Tactor’ Was Quite Significant ever av 
elias. Ghi¢ckness of an absorbing material, @#hus, the 
Values Of Chey absorber thickness obcaineo byeecalcwl a= 
tonseor the Narrow beam atvenuavion cannot De Caken 
forse beam oO: Tinite cross-section. These valves should 
be Toei ted) bY Weines the value or tite pulzdup Tactor aor 
G& particular: Shleldin= material as e¢iven in Picures. 15 = 
P1Beor elseé/ the thickness of the absorbing material 
Pequireunvo avLenuate the beam to 4 desired devel could 


be read directly from figures 15-21A of Chapter 4. 
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CHAPTER 6 


CONCLUSIONS 


Peers ler Sane Dlscusston on Buildup Faetors 


The buildup factors for lead and iron as observed 
Experimentally, for potn 13Tos and 6006 eelobikerenWeleis. Meso 
a finite beam cross-section, were in good apreemént 
Mitne whe Cheorevical valves of Bui lduse factors for 4 
broad beam of a plane parallel source. 

For water as an absorbing medium the buildup fac-— 
Pores were found Go be lower Tham the theoretical valued. 
[rs Was probably due to: (a) fhe limitations imposed by 
tre possibile experimental arrangements €.2. the Cimensions 
Gf tie polyethylene container and the restricted Space 
DeCwoer =the yoourcenead of The unLy and whe devecror. 
Doe so wnese imitations “a, Tractiom of he beamiwas: 10v 
Pigeicepced (oy tne 2bSOrbine Medium suvineg rise lo essere 
Seweeereo radi auwvom and hencerto Lower buciidup factors. 
(b) The larger thickness of the absorbing material so 
that beam geometry was no longer comparable with the 
Dione paral lelwsource:. 

the Srrect ot ite detectorm positions behind vohe 
avearoer, Uponuthe bulldup, factor waswas expecteds the 
Tuite factor should (decrease witheam increase in vie 
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becomes smaller with increasing distance from the 
absorber, so that the detector sees a smaller fraction 
Of che scacvtered radieavion. 

Por 137 ¢5 radiation and lead as an absorber, this 
ertecu With Gdelectom, position icould not be observed 
with the 14 cm diameter beam. This might be ascribed 
Lo whe following Pegsois. Ones: that in this case the 
PHOLOeclectric elrece is more: dominant and the total 
Seavvered @ontribution is small. Two: “broad beam 
goemetry” 1s attained at a smaller field size of the 
beam, ana thus the Variation in subtended angle at the 
adeteecvor Wivh caetector position is relatively small 
for the 14 em diameter beam, and so produces negligible 


Chancerin Lhe scarvered radiation detected. 


Gao SRadt ation Distribution Results and Discussion 


The TLD cups used for mapping the radiation dis-— 
tei bupion around 137¢5 ijne sources were found wo be 
useful and accurate. The dose rate at various points 
from a single line source was compared with the theo- 
retical Valued. This comparison is given in’ table <2. 
The isodose curves for the individual sources could be 
superimposed to estimate the dose rate at any point of 
interest forsany. combination of sources... Furcher,. these 
isodose curves could be modified for attenuation of any 
shielding material by using the appropriate measured 
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Table 2 


Comparison of experimental and theoretical values 
for a Single 21.5 me Ra eq 137Cs line source 


Paperimental 
POLntS 26 
detained by 
Youne and 
Batho* 


(48) 


POLnt 
source 
Approxi- 
mation 


Younes and Experiment| Quimby 


Batho 
rads/nr rads nr rads/hr 


Suandard 
Deviation 


vy is the perpendicular distance of the point from, the 


aS (Ole baer SOURCE. 


Kaeievthe disolecement Of thes perpendicular from the centre 


Ofaune acrive Hengt>h ofithe source. 
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APPENDIX A 


APL program for point source approximation 
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INPUT LATERAL DISTANCES 
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GA ts INPUT 
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INPUT A-P DISTANCES 
AP + INPUT 
Seka Co Ar Ho, LAT 
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INPUT LATERAL MAGNIFICATION 
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***NUMBER SOURCES#NUMBER COORDINATES. TRY AGAIN*** 
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